Introduction
The internet promises a huge range of solutions to people who have a scar that they dislike. These may be illustrated by 'before and after' photographs and promote growth factors, tissue adhesives, Lasers, silicone gel, steroids, and vitamins amongst other modalities. How do we place the claims made on these web sites in their current clinical context? In deciding what to do, when faced with these patients one of the main issues is when to wait, and when to intervene. I should say from the outset that in most cases it is best not to intervene surgically for at least 12 months after the initial surgery or trauma, but this does not mean doing nothing, and there are exceptions which I will mention.
Prevention
Preempting problems is important. Firstly make sure that any patient having any surgery of any kind is aware that scar tissue is an inevitable consequence of surgery. Whilst it may be possible to disguise incisions by placing them in resting skin tension lines, or at the junction of aesthetic subunits (segments of contour broken by a change in undulation, skin quality or shadow [1] ), this does not mean there will be no scar. Everting skin edges, particularly on convex surfaces, by using subcutaneous sutures such that the epidermis barely requires suturing, helps reduce scarring. The following all help to reduce scarring: avoiding tension, not removing sutures too early or too late (particularly if the skin covers an area that moves), removing foreign material (a note here that this particularly applies to scarring associated with a previously ruptured epidermoid cyst), not coming too near the wound edges (note a tendency in many trainees to use very fine sutures and come close to the wound edges), gentle tissue handling with skin hooks and Adson forceps, using a monofilament suture, having perpendicular wound edges, undermining tissue to help reduce tension at the suture site (the use of horizontal and vertical mattress sutures is helpful to distribute tension away from the skin edges where some tension is unavoidable), avoiding dead space and infection (irrigation of wounds and antibiotic creams have not been proven to provide benefit and neither has washing wounds afterwards been shown to cause harm [2] ), and advising the patient to avoid sun exposure that might cause a tan for 4 months (hyperpigmentation of scars is the result), all help.
Purpose of review
To examine the place of surgery and other modes of treating scar tissue given the plethora of measures that are advocated on the internet.
Recent findings
There is good evidence to support the use of silicone sheets, pulsed dye laser (PDL), intralesional triamcinolone and dermabrasion in reducing hypertrophic scars, but each needs qualifying in terms of their timing and the type of scar tissue that they are used for.
Summary
The surgical revision of scars should be delayed for at least 12 months unless there is webbing when redistributing skin tension forces with a Z-plasty or multiple Z-plasties or other local flaps negates the need to wait for the scar to mature. In a posttraumatic 'horse shoe' shaped, or a very oblique, cut an irregular contour is likely to occur. Under these circumstances a triamcinolone injection into any raised area can help and this needs to be re-evaluated after 6 weeks. With a less irregular contour dermabrasion can help if used 8 weeks after surgery. With hypertrophic scarring both silicone gel sheeting and PDL may help reduce the prominence of the scar. Most of all time helps scars to settle and fade and typical scar maturation takes 18-24 months. The role of stem cells, particularly from adipose tissue, warrants further study. Scar tissue is minimized if rapid healing takes place so anything that interferes with its stages of coagulation and haemostasis, inflammation, proliferation and wound remodelling with scar tissue formation [3] may jeopardize the result. Therefore coagulopathies, platelet inhibitors, nutritional state, a systemic vasculitis, connective tissue disorders and shearing forces across the wound can all be detrimental. However, even after taking all the precautions possible, a scar may show. Some individuals are predisposed to excessive scar formation and genes appear to play a role, particularly in keloid formation [4] .
In scar revision surgery it is important to document scars preoperatively by a photograph, and not have a bleached picture that will hide differences in colour and contour. Patients should be informed that the scar is primarily due to excessive collagen formation from fibroblasts and that these cells have been 'primed' in the first procedure and may go on to produce more scar tissue. An evaluation of the patient's psychology is imperative as well as gauging the patient's expectations and these are in line with other facial plastic procedures [5] .
Hypertrophic scars do not go beyond the boundaries of the original wound although they are often thick, elevated and discoloured and its collagen is arranged in parallel spindles. Keloids extend beyond the extent of the wound and contain large bundles of collagen. Both can be itchy or painful and its collagen is arranged haphazardly.
Silicone sheets and gel
Silicone sheets applied for 12-24 h daily and should be renewed approximately every 10 days and have been shown to reduce scar formation. Silicone sheets are thought to work by hydrating the stratum corneum by more than 50% [6] [7] [8] and reducing collagen production by fibroblasts [9] . Silicone sheets have been advocated as a preventive measure in primary surgical procedures [10] .
Steroids
Topical steroids do not help. However, injections of triamcinolone (10 mg/ml) into scar tissue can help reduce both hypertrophic scar tissue and keloid [11] . Injected steroids reduce fibroblast proliferation and collagen synthesis as well as suppress inflammatory mediators and glycosaminoglycan synthesis [12] . It is important not to inject it into the surrounding tissue as this can cause atrophy, puckering and telangectasia. Hypertrophic scars need to be assessed every 4-6 weeks and re-injected until the scar tissue stabilizes [13] .
For a keloid the application of pressure and injections of steroid are the mainstay although even then there is a high recurrence rate [14] .
Dermabrasion
In acne scars, rytides and rhinophyma, dermabrasion has a well established role [15] . Its popularity has fallen because of concerns about transmitting blood-borne pathogens. It is important to take precautionary measures even in patients who have no haematological evidence of HIV or hepatitis. It is possible to produce the same effect by scraping with a large blade rather than using a rotating instrument. A relative contraindication is if someone has a history of cold sores although some proceed with the patient taking prophylactic aciclovir [16 ] . Patients taking platelet inhibitors should stop them 2 weeks before surgery. It is vital not to create a full thickness defect or this will compound the problem. Dermabrasion has been shown to help if used about 8 weeks after scar revision surgery [17] .
Laser (pulsed dye laser, erbium:yttrium-aluminiumgarnet laser, noedynium:yttrium-aluminium-garnet laser, CO 2 laser)
The laser energy is absorbed according to the wavelength of absorption of the tissue, which depends on the chromophores or light absorbing compounds within the tissue. PDL is of particular help in vascular hypertrophic scars and at 585 nm probably damages any blood vessels in the scar tissue. PDL has been shown to reduce the production of collagen from fibroblasts. It is used at 7-13 J/cm 2 with a spot size of 7 mm every 6-8 weeks [18, 19] . It is important to make a visual record before each treatment so that progress can be monitored and often only a few treatments are needed. Laser should be avoided in Fitzpatrick class V-VI as these patients are more likely to have hyperpigmentation and hypopigmentation, even with pretreatment with hydroquinolone. The erbium:YAG, noedynium:YAG and CO 2 laser have all been used but the results have been variable.
Surgery
Whether 'Z-plasty', 'W-plasty' or geometric broken line closure, these procedures are normally done after the original scar has matured and this means after at least 12 months (Figs 1 and 2) . This makes it easier to remove the scar tissue and fibroblasts that have contracted into a more readily definable area. If the skin incisions are orientated along the resting skin tension lines or at the junction of aesthetic subunits then the scars will be more likely to be less discernable [20, 21] .
Tissue expansion
This requires at least two operations and many visits for the expander to be inflated. The patient is often embarrassed by the deformity they have with the expanders in place. Infection rates are 5% or less. There is often some skin pigmentation for several months after surgery. Fibroblast activity is stimulated and a thickened layer forms around the tissue expander although this rapidly shrinks.
Injectable fillers
If there is a 'dimple' or an underlying soft tissue defect then filling that defect can reduce the reflection of light from that area and so reduce its visibility. Autogenous fat or collagen can be used (see article on fillers in this volume).
Radiotherapy (up to 4500 rads)
Radiotherapy has a limited role in severe keloid formation when all other measures have failed and it works best if combined with surgery.
Imiquimod cream
There is some evidence that the immune response modifying cream Imiquimod 5% that is also used for genital warts may reduce the recurrence rate of keloid [22] .
Growth factors (human platelet dermal growth factor, transforming growth factor-beta These have been disappointing results.
Vitamins
Vitamin E has been shown to be ineffective [23, 24] . Antimitotic drugs 5-FU, mitomycin-C and bleomycin have all been used in an attempt to reduce fibroblast proliferation [25] that might be expected to be beneficial, yet it is speedy wound healing that is associated with less scarring. Their injection into scar tissue can cause atrophy, hypopigmentation and even skin necrosis and ulceration. Whilst they have been shown to help in glaucoma surgery to reduce fibrosis and stenosis, the evidence to support their use in hypertrophic scars is not well supported at present and even its advocates suggest that it should be used in conjunction with steroid injections and silicone sheets [26, 27] .
Stem cells
With the discovery that fat contains adipose stem cells their role in scar remodelling has caused excitement and shows promise with anecdotal reports of significant improvement in radiotherapy scars following fat transfer [28] . Early surgical intervention has a place in reducing webbing where excising the web and redistributing skin tension forces with a Z-plasty negates the need to wait for the scar to mature. In a traumatic 'horse shoe' shaped cut then contracture of the centre of the '\' is almost inevitable. When there is a very oblique cut, even with careful layered closure, the variation in fibrosis on either side of the margin of the incision will often result in an irregular contour. Under these circumstances a triamcinolone injection (10 mg/ml) into any raised area can help and this needs to be re-evaluated after 6 weeks. With a less irregular contour dermabrasion can help if used 8 weeks after surgery [17] . With hypertrophic scarring both silicone gel sheeting and PDL can help reduce the degree of redness and prominence of the scar.
Conclusion
For most patients time is the healer with maturation of the scar tissue (Figs 3 and 4 ) [29] . Camouflage makeup, applying silicone gel or in more marked cases injecting triamcinolone and not meddling often give more reliable results than operating. Massage may be of some value psychologically, if not physically. It takes time to convey this to patients, but by explaining the nature and natural history of scar formation and showing them illustrations of similar cases, you will help them more than by intervening, and establish yourself as a thinking surgeon who knows when not to pick up the knife. Reproduced with permission from [29] . Figure 4 The patient in Fig. 3 1 year after surgery without any intervention
Reproduced with permission from [29] .
